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05/28/2014 - Wednesday

Time

Type

Abstract #

Speaker

7:30 - 8:30am
8:30 - 8:45

X

Breakfast

Intro

Session Chair

Keynote

Speaker 1
Speaker 2
Break

Speaker 3
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Speaker 5

Panel Discussion
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Session Chair
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Speaker 8
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Speaker 10
Speaker 11
Speaker 12
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Session Chair
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Speaker 15
Speaker 16
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Speaker 18
Speaker 19
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on your own

X

X
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X
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FF0041

X
X

X
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FF0019
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FF0092

X

X
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FF0081
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FF0082
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FF0108
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FF0013

EVEN #s

ODD #s

X

American Breakfast Buffet

Welcome Intro from Los Alamos National Laboratory

Session Chairs

Recent Advances in Cancer Genomics

Genomics on Google Cloud Platform: Store, Process, Explore and Collaborate
Rapid cloud-based data processing and analysis of >15,000 whole exomes in a collaborative setting promotes novel gene discovery

Beverages and Snacks Provided

The Contiguity is Near --- PacBio
illumina NGS update --- illumina
The lon PGM® Hi-QTM Sequencing Polymerase: Reducing Systematic Error, Increasing Accuracy, and Improving Read-length -- Thermo

Next Generation Sequencing Technology Panel Discussion
Coronado Lunch Buffet

Session Chairs

Enabling Sequence-based Technologies for Clinical Diagnostics: FDA Division of Microbiology Devices Perspective
FDA GenomeTrakr: building an international public heath lab network for foodborne pathogen tracking

The BCM-HGSC Clinical Exome: from concept to implementation

High Speed Variant Finding in Adenocarcinoma of the Lung using WGS

Sequence analysis of plasmid diversity amongst hospital-associated carbapenem-resistant Enterobactericeae
Whole Genome Sequencing of Respiratory Viruses From Clinical Nasopharyngeal Swabs

Analyzing TB drug resistance

Beverages and Snacks Provided

Session Chairs

Universal Tail Amplicon sequencing for identification, characterization, classification & rare variant detection using biodefense and public|
health organisms

Use of whole genome sequencing to determine the molecular mechanisms responsible for decreased susceptibility and resistance to
azithromycin in Neisseria gonorrhoeae

Transcriptional signatures in microbial diagnostics

Next generation sequencing (NGS) as an enhanced surveillance tool — the tale of Salmonella enterica serovar Heidelberg outbreaks
associated with chicken consumption

Towards Clinical utility in a next generation sequencing analytical pipeline

Genomics Capability Development and Cooperative Research

HIV-1 Subtype Surveillance in Kenya: the puzzle of Emerging drug resistance and Implications on Continuing care
Next Generation Sequencing Capability at NCDC — Lugar Center in Georgia

Poster Session with Meet & Greet Party (Sponsored by Roche) Food & Drinks

Poster Session with Meet & Greet Party (Sponsored by Roche) Food & Drinks

Night on your own - enjoy

Sponsored by NEB

TBD

Chair - Donna Muzny

Chair - Bob Fulton

Rick Wilson

Sponsored by Sage Science
Jonathan Bingham
Narayanan Veeraraghavan

Sponsored by DNAnexus

Steve Turner

Kelly Hoon

Anelia Kraltcheva
Chair - Bob Fulton
Chair - Patrick Chain
Sponsored by PacBio
Chair - Tina Graves
Chair - Darren Grafham
Heike Sichtig

Ruth Timme
Christian Buhay
Sterling Thomas
Sean Conlan

Darrell Dinwiddie
Bette Korber

Sponsored by BioNano

Chair - Mike Fitzgerald
Chair - Alla Lapidus

Rebecca Colman

David Trees
Roby Bhattacharyya
Eija Trees

Darren Grafham
Helen Cui

Raphael Lihana
Gvantsa Chanturia
Sponsored by Roche
6:30pm - 8:00pm
Sponsored by Roche
8:00pm - 9:30pm

X
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05/29/2014 - Thursday

Time

Type

Abstract #

Speaker

7:30 - 8:30am

Breakfast

Intro

Session Chair

Keynote

Speaker 1
Speaker 2
Speaker 3

Break

Speaker 4
Speaker 5
Speaker 6
Speaker 7
Speaker 8

Lunch

Session Chair

Speaker 9

Speaker 10
Speaker 11
Speaker 12
Speaker 13
Speaker 14

Break

Session Chair

Speaker 15
Speaker 16
Speaker 17
Speaker 18
Speaker 19
Speaker 20
Speaker 21

Happy Hour(s)

on your own

X

X

FFO111

FF0057
FF0044
FF0038

X

FF0065
FF0014
FF0063
FF0062
FF0034

X

X

FF0069
FF0085
FF0020
FF0071
FF0047
FF0032

X

X

FF0033
FF0048
FF0035
FF0037
FF0077
FF0067
FF0079

X

X

La Fonda Breakfast Buffet

Welcome Intro from Los Alamos National Laboratory

Session Chairs

Dissecting the Missing Diagnostic Yield in exome sequencing

A de novo Whole Genome Shotgun Assembler for Long Reads

Speeding up NGS software development

New Frontiers of Genome Assembly with SPAdes 3.1

Beverages and Snacks Provided

Upgrading large genomes using Pacific Biosciences long reads and PBJelly software
Assembly and Phasing of Polymorphic Heterozygous Diploid Genomes

De novo Assembly of Medicago truncatula Genome Lines Using lllumina and Pacific Biosciences Sequencing Technologies

lllumina sequencing with no artifacts
Near perfect de novo assemblies of eukaryotic genomes using PacBio long read sequencing

New Mexican Lunch Buffet

Session Chairs

Anchored Assembly: An Algorithm for Large Structural Variant Detection Using NGS Data
De Novo Assembly and Structural Analysis Using Extremely Long Single-Molecule Imaging
Human sequence assembly scaffolding using Irys genome maps

Efficient de novo assembly of long NGS reads

de novo mammalian assembly of one-library PCR-free 250-base lllumina reads

Creating a Single Haplotype Human Genome Assembly

Beverages and Snacks Provided

Session Chairs

Marine Microbial Eukaryote Transcriptome Sequencing Project (MMETSP)

TE-Tracker: systematic identification of transposition events through whole-genome resequencing
Insights from analyzing Clostridium botulinum sequences

AntibodyMining ToolBox: An Open Source Tool for the Rapid Analysis of Antibody Repertoires
Genome evolution and GC patterns driven by recombination

Comprehensive identification of structural variants in a robustly characterized personal human genome

Methyl Sequencing, Dissecting the Subtleties of the Differentiated and Un-differentiated Genome
Happy Hour at Cowgirl Cafe - Sponsored by illumina - Map Will be Provided

Dinner and Night on Your Own - Enjoy!!!

Sponsored by NEB

TBD

Chair - Johar Ali

Chair - Donna Muzny
Deanna Church
Sponsored by Personalis
Gene Myers

D. Lavenier

Anton Korobeynikov

Sponsored by CLC Bio

Jeffrey Rogers

Jason Chin
Thiruvarangan Ramaraj
Zbyszek Otwinowski
James Gurtowski
Sponsored by Promega
Chair - Tina Graves
Chair - Bob Fulton
Niranjan Shekar

Han Cao

Heng Dai

Martin Simonsen

lain MacCallum

Tina Graves-Lindsay
Sponsored by BioNano
Chair - Alla Lapidus
Chair - Darren Grafham
Stephanie Guida
Mohammed-Amin Madoui
Karen Hill

Csaba Kiss

Anitha Sundararajan
William J Salerno
Masoud Toloue

Sponsored by illumina

X
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05/30/2014 - Friday

Time

Type

Abstract #

Speaker

7:30 - 8:30am

Breakfast

Intro

Session Chair

Keynote
Speaker 1
Speaker 2
Speaker 3
Break
Speaker 4
Speaker 5
Speaker 6
Speaker 7
Speaker 8

Speaker 9
Lunch

Session Chair

Speaker 10
Speaker 11
Speaker 12
Speaker 13

Speaker 14

Closing Discussions

X

X

FF0112

FF0006
FF0051
FF0003

X

FF0053
FF0002
FF0061
FF0091
FF0028

FF0075

X

X

FF0029
FF0058
FF0004
FF0095

FF0089

X

Harvey House Breakfast Buffet

Welcome Intro from Los Alamos National Laboratory

Session Chairs

The fly biome: Dispersal of Human Pathogens by Airborne Mechanical Vectors

Multigenerational exposure to the Chernobyl environment in bank voles alters the mitochondrial genome
Functional profiling of genomic fragments with Sequedex
Rare OTUs Reveal Oral Microbiome Seeding Relationship between Tsimane Mother-Infant Dyads Who Practice Premastication

Beverages and Snacks Provided

Optimization of Metagenomic Methods for TEDDY Microbiome Study

Assessing the sensitivity of viral metagenomics

Viral Metagenome Pipeline

Recruiting human microbiome shotgun data to site-specific reference genomes

Analysis of Mixtures Using Next Generation Sequencing (NGS) of Mitochondrial DNA: Forensic Applications
Selective Depletion of Abundant RNAs to Enable Transcriptome Analysis of Low Input and Highly Degraded RNA from FFPE Breast Cancer]
Samples

Santa Fe Deli Lunch Buffet

Session Chairs

A Targeted Sequencing Approach to Enable Enhanced Sensitivity in Variant Detection

De Novo Mapping with Solid-State Detectors

Further improvements to lllumina library preparation from challenging samples

Technology advancements in large insert PacBio library construction for targeted sequencing

Tools of the trade: resolving repetitive and complex regions in genomes using next-generation sequencing technologies and manual genome
finishing

Closing Discussions for General Meeting - discuss next year's meeting Now go out and enjoy Santa Fe!

Sponsored by NEB

TBD

Chair - Patrick Chain

Chair - Alla Lapidus

Stephan Schuster

Sponsored by Advanced Analytic
Robert Baker

Ben McMahon

Joe Alcock

Sponsored by Kapa Biosystems
Ginger Metcalf

Nadim Ajami

Christian Olsen

Gary Xie

Henry Erlich

Bradley Langhorst

Sponsored by MRI
Chair - Mike Fitzgerald
Chair - Darren Grafham
Bob Fulton

John Oliver

Maryke Appel

Min Wang

Aye Wollam
Chair - Chris Detter
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Introducing the evolution of NGS capture panels

xGen" Lockdown® Panels

Stocked Enrichment Panels for Targeted Next Generation Sequencing

xGen®lockdown® Panels consist of individually
synthesized and quality controlled Lockdown Probes that have
been internally validated.

xGen® AML Cancer Panel v1.0

— 11,743 probes targeting 260 genes associated with the
AML disease pathway.

xGen® Pan-Cancer Panel v1.0

— 7816 probes targeting 127 significantly mutated genes implicated
across 12 tumor types.

xGen® Inherited Diseases Panel v1.0

— 116,355 probes targeting 4503 genes and 180 SNPs associated
with inherited diseases.

INTEGRATED DNA TECHNOLOGIES
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05/28/2014 - Wednesday

Time

Type

Abstract #

Speaker

7:30 - 8:30am
8:30 - 8:45

X

Breakfast

Intro

Session Chair

Keynote

Speaker 1
Speaker 2
Break

Speaker 3
Speaker 4
Speaker 5

Panel Discussion
Lunch

Session Chair

Speaker 6
Speaker 7
Speaker 8
Speaker 9
Speaker 10
Speaker 11
Speaker 12

Break

Session Chair

Speaker 13

Speaker 14
Speaker 15
Speaker 16

Speaker 17
Speaker 18
Speaker 19
Speaker 20
Posters - Even #s
Meet & Greet Party
Posters - Odd #s
Meet & Greet Party
on your own

X

X

FF0110

FF0008
FF0086

X

IFF0083
FFO113
FF0041

X
X

X

FF0114
FF0097
FF0010
FF0099
FF0019
FF0024
FF0092

X

X

FF0018

FF0081
FF0007
FF0082

FF0031
FF0108
FF0101
FF0013

EVEN #s

ODD #s

X

American Breakfast Buffet

Welcome Intro from Los Alamos National Laboratory

Session Chairs

Recent Advances in Cancer Genomics

Genomics on Google Cloud Platform: Store, Process, Explore and Collaborate
Rapid cloud-based data processing and analysis of >15,000 whole exomes in a collaborative setting promotes novel gene discovery

Beverages and Snacks Provided

The Contiguity is Near --- PacBio
illumina NGS update --- illumina
The lon PGM® Hi-QTM Sequencing Polymerase: Reducing Systematic Error, Increasing Accuracy, and Improving Read-length -- Thermo

Next Generation Sequencing Technology Panel Discussion
Coronado Lunch Buffet

Session Chairs

Enabling Sequence-based Technologies for Clinical Diagnostics: FDA Division of Microbiology Devices Perspective
FDA GenomeTrakr: building an international public heath lab network for foodborne pathogen tracking

The BCM-HGSC Clinical Exome: from concept to implementation

High Speed Variant Finding in Adenocarcinoma of the Lung using WGS

Sequence analysis of plasmid diversity amongst hospital-associated carbapenem-resistant Enterobactericeae
Whole Genome Sequencing of Respiratory Viruses From Clinical Nasopharyngeal Swabs

Analyzing TB drug resistance

Beverages and Snacks Provided

Session Chairs

Universal Tail Amplicon sequencing for identification, characterization, classification & rare variant detection using biodefense and public|
health organisms

Use of whole genome sequencing to determine the molecular mechanisms responsible for decreased susceptibility and resistance to
azithromycin in Neisseria gonorrhoeae

Transcriptional signatures in microbial diagnostics

Next generation sequencing (NGS) as an enhanced surveillance tool — the tale of Salmonella enterica serovar Heidelberg outbreaks
associated with chicken consumption

Towards Clinical utility in a next generation sequencing analytical pipeline

Genomics Capability Development and Cooperative Research

HIV-1 Subtype Surveillance in Kenya: the puzzle of Emerging drug resistance and Implications on Continuing care
Next Generation Sequencing Capability at NCDC — Lugar Center in Georgia

Poster Session with Meet & Greet Party (Sponsored by Roche) Food & Drinks

Poster Session with Meet & Greet Party (Sponsored by Roche) Food & Drinks

Night on your own - enjoy

Sponsored by NEB

TBD

Chair - Donna Muzny

Chair - Bob Fulton

Rick Wilson

Sponsored by Sage Science
Jonathan Bingham
Narayanan Veeraraghavan

Sponsored by DNAnexus

Steve Turner

Kelly Hoon

Anelia Kraltcheva
Chair - Bob Fulton
Chair - Patrick Chain
Sponsored by PacBio
Chair - Tina Graves
Chair - Darren Grafham
Heike Sichtig

Ruth Timme
Christian Buhay
Sterling Thomas
Sean Conlan

Darrell Dinwiddie
Bette Korber

Sponsored by BioNano

Chair - Mike Fitzgerald
Chair - Alla Lapidus

Rebecca Colman

David Trees
Roby Bhattacharyya
Eija Trees

Darren Grafham
Helen Cui

Raphael Lihana
Gvantsa Chanturia
Sponsored by Roche
6:30pm - 8:00pm
Sponsored by Roche
8:00pm - 9:30pm

X
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Speaker Presentations (May 28™M)

Abstracts are in order of presentation according to Agenda

Keynote

FFO0110
Recent Advances in Cancer Genomics
Rick Wilson

Washington University School of Medicine, The Genome Institute
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FF0O008
Genomics on Google Cloud Platform: Store, Process, Explore and Collaborate

Jonathan Bingham

Product Manager, Genomics, Google Inc.

Generating genomics data is easier than ever before, but interpreting and analyzing it is
still hard, and getting harder as the volume increases. Sequencing the whole genome of
a single person produces more than 100 gigabytes of raw data, and a million genomes
will add up to more than 100 petabytes. This abundance of new information carries
great potential for research and human health -- and requires new standards, policies
and technology. To contribute to the genomics community and help meet the data-
intensive needs of the life sciences, Google recently introduced a simple web-based
API to import, process, store, explore and collaborate with genomic data at “Google
scale”. In conjunction with the Global Alliance for Genomics and Health as well as early
collaborators in genomics and bioinformatics, we have begun to develop open source
sample code and example analyses.
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FFO086

Rapid cloud-based data processing and analysis of >15,000 whole exomes in a
collaborative setting promotes novel gene discovery

Narayanan Veeraraghavan®, Andrew Carroll?, Shalini Jhangiani', Alexander Li*, Tomasz
Gambin®, Zhuoyi Huang®, Ginger Metcalf*, Fuli Yu', Alanna Morrison®, Donna Muzny®, Richard
Daly?, James Lupski®, Geoff Duyk?, Richard Gibbs™?, Eric Boerwinkle!*

'Human Genome Sequencing Center, Baylor College of Medicine, Houston, TX, USA
°DNAnexus, Mountain View, CA, USA 3Department of Molecular and Human Genetics, Baylor
College of Medicine, Houston, TX, USA “Human Genetics Center, University of Texas Health
Science Center at Houston, Houston, TX, USA

We are now witnessing NGS-based efforts at consortium scales involving hundreds of
collaborators and thousands of study subjects, to exhaustively characterize diseases
and involved genes. There are three critical areas that serve as enablers for efficient
genomic discovery and diagnostics: (a) large scale computational resources, (b) rapid
and flexible analysis capabilities, and (c) efficient data delivery and consumption. To
address these, we have entered into collaboration between DNAnexus, the Baylor-
Hopkins Center for Mendelian Genomics (CMG), and the Cohorts for Heart and Aging
Research in Genomic Epidemiology (CHARGE) Consortium, to create a Gene
Discovery Commons for both Mendelian (CMG) and common chronic (CHARGE)
diseases.

As a test pilot of the Commons, we analyzed 1000 cases from the CMG spanning 15
diseases, and 3500 whole genome and 11000 whole exome sequences of deeply
phenotyped individuals from the CHARGE consortium. The CHARGE cohort samples
provide a large comparison group for the CMG, thus increasing statistical power.

Rapid deployment of our Mercury NGS pipeline to Amazon cloud (AWS) was made
possible through the DNAnexus platform. Some of the key features of the computational
framework are: zero set-up, on-demand scale-up, version control, reproducibility,
visualization, and compatibility with off-the-shelf third party tools, naturally enforced
standards, compliance with CAP/CLIA/HIPAA, and 1SO27001 data handling and
security compliance. The ability to easily, quickly and securely share data between
collaborators is yet another hallmark of this framework.

As an example of scientific utility, we sequenced a sample of 204 probands with
heterotaxy, a syndrome involving malarrangement of internal organs within the chest
and abdomen. Analysis of these data identified 38 genes including known heterotaxy
genes and novel candidates.

These and other examples demonstrate the utility of the Gene Discovery Commons,
and the effectiveness of a cloud base framework, for promoting collaboration,
corroboration and clinical translation.

Keywords: cloud computing, data management, bioinformatics framework, gene
discovery, collaborative science

2014 SFAF Meeting Page 16



FF0083
The Contiguity is Near
Steve Turner (sturner@pacifichiosciences.com), Pacific Biosciences

Single Molecule, Real-Time (SMRT®) Sequencing has advanced the state of the art in
elucidating complex genomic regions of large genomes, which are characterized by
highly repetitive, low-complexity regions and duplication events. This data can now be
combined with transcriptome sequencing that has the ability to differentiate between the
myriad isoforms that are difficult to resolve with short-read technologies. To date, the
read lengths from SMRT sequencing have enabled highly contiguous genome
assemblies for bacteria and model genomes. Now with improvements in assembly
algorithms, and assembly polishing, Pacific Biosciences’ long-read data have further led
to high-quality assemblies that rival pre-second-generation clone-by-clone sequencing
efforts. The recent release of new photo-protected dye chemistry (P5-C3) with N50
data >10,000 base pairs, has enabled whole-genome shotgun sequencing of larger
genomes including arabidopsis, drosophila, spinach and the haploid human cell line
(CHM1htert). These assemblies have resulted in many complete chromosome arms in
a single contig. Furthermore, the contig N50s for these assemblies are typically
megabases in length with one case representing a completed chromosome and have
average base qualities of ~Q50. These data can be collected using a single library
preparation method and do not require additional libraries such as jumping and mate
pair library construction. Another area that benefits from long reads is full length
transcript sequencing. Methods are now available for the construction of full length
cDNA SMRTbell™ libraries for single molecule sequencing. These have resulted in the
discovery of novel isoform transcripts and have the additional value of long, intact reads
which do not require an assembly approach for detection. These combined advances
will aid in the understanding of large complex genomes and their functioning.

Keywords: Genome assembly, full length cDNA sequencing, long read sequencing

2014 SFAF Meeting Page 17



FFO0113

lllumina NGS update

Kelly Hoon

llumina, Inc

lllumina continues to drive improvements through new offerings in sample prep,
instrumentation and analysis tools. The expanded portfolio aids in the continual effort to
reduce run times and costs while expanding throughput offerings for diverse
experimental needs. From amplicons to whole genome population studies and
everything in between, lllumina has made great advances in 2014. This talk will provide
an update on recent launches and those in the imminent future.
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FF0041

The lon PGM® Hi-Q™ Sequencing Polymerase: Reducing Systematic Error,
Increasing Accuracy, and Improving Read-length

Anelia Kraltcheva, Guobin Luo, Daniel Mazur, Mindy Landes, Sihong Chen, Kevin
Heinemann, Theo Nikiforov, Joshua Shirley, Eileen Tozer, Peter Vander Horn

Thermo Fisher

High accuracy and sequencing uniformity are the hallmarks of a successful DNA
sequencing platform. These qualities benefit greatly various scientific and medical
applications. Here we show that the new lon Torrent® Hi-Q™ sequencing chemistry
provides substantial improvements in overall accuracy, read-length, and systematic
error relative to the previous sequencing chemistry. Using the Hi-Q™ system we see a
50% decrease in overall error, mainly by reducing InDels, and up to a 90% decrease in
systematic error. In addition, we show that with optimized emulsion PCR cycling
conditions, we have rapidly increased coverage uniformity of the Rhodobacter
sphaeroides genome from 88% to 95%. We also observed improvement in uniformity
and representation of GC-rich amplicons from various human libraries.

By incorporating these improvements, the lon PGM® system is now poised to enable a
broader range of applications, such as enhanced de novo genome assemblies, Human
Leukocyte Antigen (HLA) sequencing, bacterial identification, and meta-genomic
analysis.

*For Research Use Only. Not for use in diagnostic procedures.
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Lunch

12:20 - 1:45pm

Sponsored by

@ PACIFIC
BIOSCIENCES™
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FF0114

Enabling Sequence-based Technologies for Clinical Diagnostics: FDA Division of
Microbiology: Devices Perspective

Heike Sichtig
US FDA

The presentation will outline studies to evaluate the use of high throughput sequencing
(HTS) devices as an aid in microbial diagnostics, and to gain a better understanding of
the potential HTS clinical implementation strategies in microbial diagnostics. Focus will
be on the possible approaches to validation studies and data for the evaluation of HTS
systems for potential regulatory clearance/approval, and the use of sequence outputs
from HTS devices to evaluate performance. Efforts towards generating an initial set of
high quality, regulatory-grade microbial sequences through the FDA MicroDB project
will also be discussed. Our vision is a robust, high quality microbial database that
contains qualified regulatory-grade sequence data for use by developers and clinical
end users. The information contained in the presentation concerning possible
approaches for validation is not meant to convey FDA’s recommended approach.

Oral presentation Wed May 28th
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FFO097

FDA GenomeTrakr: building an international public heath lab network for
foodborne pathogen tracking

Ruth E. Timme, Peter Evans, Marc W. Allard, Errol Strain, Justin Payne, Christine Keys,
Steven Musser

Food and Drug Administration, College Park MD USA.

The Center for Food Safety and Applied Nutrition at the FDA along with our partners,
CDC and NCBI, are implementing an international NGS network of public health labs.
Each lab collects and submits draft genomes of food pathogen to a reference database
housed at NCBI. As new data arrives a public analysis pipeline reconstructs a
phylogenetic tree for each pathogen database, providing the FDA actionable leads in
outbreak investigations of foodborne pathogens. Currently the GenomeTrakr network
comprises six state health labs (NY, VA, FL, AZ, WA, MN), nine FDA field labs, an FDA
contracting lab, and CFSAN headquarters - each outfitted with one or more lllumina
MiSeq instruments. This summer we are adding our first official international partner
with Argentina. Herein, we report enhanced molecular epidemiological insights gained
by comparative analysis of Salmonella and Listeria genomes, previously deemed
indistinguishable by conventional subtyping methodologies. These results demonstrate
an important investigative role for NGS tools within a regulatory environment while
highlighting the novel additional insights provided to epidemiological investigations.
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FF0010
The BCM-HGSC Clinical Exome: from concept to implementation

Christian Buhay', Qiaoyan Wang*, Rashesh Sangvhi', Jianhong Hu', Yan Ding*, Mark
Wang®, Dan Burgess®, George Mayhew?®, Dawn Green®, Yi Han', Huyen

Dinh', Kimberly Walker*, Harsha V. Doddapaneni®, Yaping Yang?, Eric Boerwinkle'?,
Richard A. Gibbs* and Donna M. Muzny*

!Baylor College of Medicine. ZHuman Genetics Center, University of Texas Health Science
Center at Houston, *Roche NimbleGen, Inc

For whole exome sequencing to become an integral part of routine clinical care, it must
demonstrate high sensitivity and specificity, as well as aid in variant discovery and
diagnoses across clinically relevant regions. We present the initial implementation of a
medical whole exome capture reagent tailored to target genes implicated in over 3000
inherited disorders and various cancers.

Coverage data was examined from 34 whole exome sequencing (WES) samples in the
Whole Genome Laboratory (WGL) at Baylor College of Medicine. Results from
aggregate data reveal that utilization of the BCM-HGSC VCRome capture reagent fully
covers (at 220X) over 75% of the medically relevant genes listed in COSMIC, HGMD,
GeneTests, and ACMG Incidental Findings lists. Analysis also identified gene regions
that were routinely below the 20X threshold. To address under-sequenced regions, the
HGSC in collaboration with Roche/NimbleGen produced a small (220Kbp) targeted
capture based reagent that is simply added to our existing VCRome exome

solution. The ‘spike-in’ reagent targeted underperforming gene regions in GeneTests,
ACMG, and 23 other clinical gene panels ranging from childhood cancers to
neuromuscular disorders. Of the almost 2000 genes from the target list, the addition of
top-up reagent improved coverage for ~550 genes. Ninety-seven percent of the genes
are now fully covered (all bases 220X) from the previous baseline of 75%.

Ongoing collaborations with Nimblegen include expansion of the top-up reagent to
include underperforming regions in OMIM and an expanded list of cancer genes. We
surveyed over 3600 genes across 50 VCRome WES samples ranging in yield from
5Gbp to 7Gbp. Of the 3600 genes, 20K regions in 3100 genes were targeted for a
1Mbp design. Results from these ‘spike-in’ methods have broad clinical applications for
insuring a high degree of sensitivity and specificity for variant calling across genes in
various disorders of interest.

Keywords: Bioinformatics, Clinical, Genomics, Exome sequencing
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FF0099
High Speed Variant Finding in Adenocarcinoma of the Lung using WGS

Sterling Thomas, Nathan Dellinger, Matt Feltz, Allan Bolipata, Danielle, Weaver, Tyler
Barrus, Daniel Negron, Mitchell Holland

Noblis, Falls Church, Virginia
Nonprofit Science and Technology Organization

Advances in sequencing technology have increased the computational demands
required for processing, identifying, and analyzing large and complex datasets. Because
many genomic features such as Single Nucleotide Polymorphisms (SNPs) offer insight
into carcinogenesis, origin of metastatic disease, and susceptibility to treatment,
detecting these features rapidly within large sequence read sets is becoming
increasingly valuable to the healthcare community.

To address these critical needs, Noblis’ Center for Applied High Performance
Computing (CAHPC), has developed a suite of high speed algorithms called BioVelocity
that utilize the strengths of the CAHPC to perform reference-based multiple sequence
alignment (MSA) and variant detection on human raw reads. This implementation uses
next generation sequence reads as input and aligns them against a customized
reference library, which can be specific — consisting of very similar tumors, or highly
varied — containing tumors from multiple sites, stages and patient histories.

Adenocarcinoma of the Lung is a complex disease that afflicts both non-smokers and
smokers. Since the cellular genesis of adenocarcinoma is different than small cell
carcinoma, exome sequencing may not be sufficient to understand the genetic
characteristics of the disease and it susceptibility to treatment. We are using over 400
whole genome sequencing (WGS) reads from paired tumor and normal samples that
were submitted to The Cancer Genome Atlas (TCGA) to identify variants that may not
be limited to the exome. To support this analysis we created a complete reference set
supports access to all the genomes from the study, simultaneously, in active memory.
This complete reference set allowed us to quickly identify variations that were unique to
this population of tumors. This approach may be useful in creating genomic
classification methodologies for complex diseases.
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Sequence analysis of plasmid diversity amongst hospital-associated
carbapenem-resistant Enterobactericeae

Sean Conlan®, Clayton Deming®*, Evan Snitkin*, James C. Mullikin?, Pam J. Thomas?,
Morgan Park?, Jyoti Gupta?, Shelise Y. Brooks?, Brian Schmidt?, Alice C. Young?, Jim
Thomas?, Gerard G. Bouffard?, Robert W. Blakesley?, NISC Comparative Sequencing
Program?, Jonas Korlach®, Tyson A. Clark®, Khai Luong?®, Yi Song®, Yu-Chih Tsai®,
Matthew Boitano®, David Henderson?, Karen M. Frank®, Tara N. Palmore® and Julia A.
Segre”

!National Human Genome Research Institute, Bethesda, MD, ?National Institutes of Health
Intramural Sequencing Center (NISC), Bethesda, MD, * Pacific Biosciences, Menlo Park, CA,
“National Institutes of Health Clinical Center, Bethesda, MD.

We previously reported tracking the transmission of carbapenem-resistant Klebsiella
pneumoniae amongst patients at the NIH Clinical Center, highlighting the importance of
whole genome sequencing to understand the complexity of hospital transmission. Here
we describe another layer of complexity to shape our understanding of outbreak
surveillance and infection control; the repertoire of carbapenem-resistance encoding
plasmids amongst the patient population and the hospital environment. The complex
nature of multi-drug resistant bacterium, carrying many different plasmids which are
themselves made up of mobile elements and gene cassettes, required improved tools
for sequencing, finishing and annotation that exceed draft assembly pipelines.
Sequencing and genomics technologies used in this study include PacBio RS II, Roche
454 FLX, lllumina MiSeq and the OpGen Argus. We analyzed patient and
environmental hospital carbapenem-resistance Enterobactericeae, including Klebsiella
pneumoniae, Klebsiella oxytoca, Enterobacter cloacae and Citrobacter freundii. Full
genome sequencing revealed that these ten organisms carry carbapenem-resistance
genes on eight different plasmids, challenging initial assumptions about horizontal gene
transfer events. Indeed, the complex diversity of plasmids was only clarified with the
PacBio multi-kilobase long reads assembled de novo into high-quality genomes, with
the chromosome and each plasmid circularized. Data from other platforms were used to
further qualify, characterize and make some corrections to the PacBio assemblies. The
PacBio de novo assembly error rate was extremely low; typically 5 or less differences
per genome, by inspecting these assemblies with high depth of coverage lllumina
reads. These methods show it is now possible to better understand the transmission of
bacterial strains and plasmids encoding antibiotic resistance using highly accurate and
finished genome sequences of isolates from patients and the hospital environment.
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Whole Genome Sequencing of Respiratory Viruses From Clinical Nasopharyngeal
Swabs

Dinwiddie, DL, Dehority, WN, Harrod, KS, Schroth, GP, Young, SA

University of New Mexico

Objectives/Specific Aims: Respiratory infections cause the greatest morbidity and
mortality of all pediatric ailments accounting for ~20% of mortality for children younger
than 5, one quarter of all hospitalizations, and between 33% and 59% of general
practitioner consultations . Despite the enormous medical burden caused by respiratory
viruses the specific genetic variation that influence transmission, virulence, and
pathogenesis are poorly understand for most viruses. The objective of this study is
identify genetic variation in clinical respiratory viruses that influence these critical
processes.

Methods/ Study Population: We are developing a novel method to enrich viral genomes
from clinical nasopharyngeal swabs, which will enable us to conduct deep whole
genome sequencing on an lllumina MiSeq. We will conduct whole genome viral
sequencing of respiratory syncytial virus, influenza A, human metapneuomivirus, and
rhinovirus from residual nasopharyngeal swabs obtained during the peak 2013-2014
respiratory infection season in the state of New Mexico.

Results: We will use reference guided and de novo assembly approaches to
characterize the complete viral genomes and identify genetic variation of individual
clinical viral isolates. We anticipate that through bioinformatics analysis of the clinical
viruses we will identify novel genetic variation that may effect transmission, virulence
and pathogenesis of the virus.

Discussion/Significance of Impact: Our results will provide crucial insight into the

genomic diversity of clinical viral strains, pathophysiology of infection, and may provide
understanding into causes of resistance to antiviral therapies.
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Analyzing TB drug resistance
Karina Yusim, Shihai Feng, Taeksun Song, Clif Barry, Bette Korber

Los Alamos National Laboratory

Drug resistant bacteria are a growing challenge of 21St century. Extensively drug
resistant (XDR) TB is on the rise and is present in 92 countries, including US. XDR TB
(resistant to most potent drugs and difficult to diagnose) is contagious, airborn and
lethal. Conventional culture-based phenotypic drug susceptibility testing is slow, and
results are inaccurate for some drugs. Available genetic tests, line probe assays and the
molecular beacon GeneXpert platform, are very rapid and sensitive, but can only
sample a limited number of alleles. Despite these difficulties, drug susceptibility testing
is important. If an the infecting strain is resistant to the treatment, the patient is left
vulnerable, and treatment with a multidrug therapeutic cocktail that is only partially
effective can result in acquisition of resistance to the other drugs in the cocktail, failed
therapy and spread of resistant forms. | will discuss how the whole genome sequencing
and analysis can help close this technology gap. | will also present a collaborative study
between the groups in S. Korea, NIAID and Los Alamos, where we identified a striking
example of compensatory mutations through whole genome analysis; these mutations
restore fitness, and are associated with transmission of rifampicin-resistant TB. The
computational tools we developed and the extensive knowledge base of Mycobacterium
Tuberculosis drug resistance mutational pathways can be leveraged and can be used
as a model system of bacterial drug resistance.
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Universal Tail Amplicon sequencing for identification, characterization,
classification and rare variant detection using biodefense and public health
organisms

Colman RE!, Schupp JA?, Sahl J*, Hicks ND*, Smith DE?!, Valafar F*, Rodwell TC?,
Catanzaro A*, Wagner DM?, Keim PS'?, Engelthaler DM*

1. Translational Genomics Research Institute, Pathogen Genomics Division, Flagstaff, AZ 2.
Ctr. for Microbial Genetics & Genomics, Northern Arizona Univ., Flagstaff, AZ 3. San Diego
State Univ., San Diego, CA 4. Univ. of California San Diego, San Diego, CA

Applying NGS directly to forensics or clinical samples currently has limitations due to
the complexity of biological samples. Using a novel amplicon NGS methodology allows
for near-real time identification, characterization, classification and, with certain
applications, rare variant detection. Employing a universal amplicon indexing system,
we prepared flow-cell ready amplicons, from multiplexed PCRs. This amplicon approach
allows for fast screening from complex samples across a wide array of targets. We
present two applications of this universal tail amplicon NGS methodology: A) a
bioforensics application with Burkholderia pseudomallei, and B) a clinical rare variant
application in Mycobacterium tuberculosis. We developed B. pseudomallei amplicons
based on MLST targets, and targets identified in house for the identification,
characterization, and classification of B. pseudomallei. The use of targeted amplicon
sequencing allows for definitive characterization on low quality or quantity samples,
which is important in a forensic setting. Rapidly characterizing an important biodefense
organism allows for comprehensive information collected for a sample to help direct
investigations or clinical decisions. We also developed amplicons based on drug
resistance (DR) conferring SNPs for rare variant detection in M. tuberculosis. The use of
universal tail amplicon methodology and “single molecule-overlapping reads” (SMOR)
analysis for determination of actual mutation ratios in target loci leads to an increase in
mixed population detection sensitivity and lower probability of erroneous base calls.
Undetected extremely low level sub-populations of DR in the M. tuberculosis
populations (i.e., heteroeresistance) at patient treatment initiation may play a role in the
development of DR-TB. Current minor DR detection levels are limited to above 1%, at
best. We have developed a method of detecting resistant M. tuberculosis sub-
populations consisting of 0.1% of the total M. tuberculosis population in almost real
time. These approaches significantly improve on our ability to analyze previously
undetectable genomic features of forensic and clinical samples.

Keywords: amplicon sequencing, Burkholderia pseduomallei, Mycobacterium
tuberculosis, Miseq, rare variant
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Use of whole genome sequencing to determine the molecular mechanisms
responsible for decreased susceptibility and resistance to azithromycin in
Neisseria gonorrhoeae

David Trees®, Serena Carroll*, John Papp®, Kevin Karem?, Yonatan Grad*®, Steve
Johnson*

! Division of STD Prevention, NCHHSTP, Centers for Disease Control and  Center for
Communicable Disease Dynamics, Department of Epidemiology, Harvard School of Public
Health. °Division of Infectious Diseases, Brigham and Women’s Hospital, Harvard Medical
School

Objective: Neisseria gonorrhoeae has ability to rapidly develop resistance to each
antimicrobial class used for therapy, including the currently recommended co-treatment
antimicrobial azithromycin. Emerging resistance to azithromycin will complicate clinical
and public health management of gonorrhea. Molecular approaches, such as whole
genome sequencing to identify mechanisms of resistance and their prevalence, can be
useful for the development of point-of-care molecular assays to detect resistance or
treatment failure. We have sequenced N. gonorrhoeae isolates with elevated
azithromycin minimum inhibitory concentrations (MICs) to identify mutations that confer
resistance or increased MICs.

Methods: Strains with elevated MICs to azithromycin were obtained through the
Gonococcal Isolate Surveillance Project coordinated by CDC. DNA was isolated and
whole genome sequencing was performed on lllumina and Pacific Biosciences
platforms. WGS data was analyzed using CLCBIo software. Sanger sequencing
confirmed the presence and number of 23S rRNA allelic variants.

Results: Analysis of WGS demonstrated a wide variety of mutations associated with
increased MICs to azithromycin. Mutations in the multiple transferable resistance
repressor (mtrR) loci, including an insertion of meningococcal DNA, were found in
numerous locations within the promoter and gene regions. Additionally, a 23S rRNA
variant, C2599T, known to be associated with macrolide resistance, occurred in 2, 3, or
4 of the four 23S rRNA alleles present in a majority of the isolates with elevated MICs to
azithromycin, and was not found in any susceptible isolate.

Summary: Analysis of the WGS data revealed 2 predominant mechanisms of resistance
to azithromycin in N. gonorrhoeae in isolates in the USA: 1) mutations in either the
promoter region or structural gene of mtrR or 2) mutations in at least 2 of the 23S rRNA
alleles located on the gonococcal chromosome. This information may prove useful in
the development of rapid, culture-independent molecular based tests for the detection of
treatment resistant gonococci.

Keywords: Neisseria gonorrhoeae, antimicrobial resistance, azithromycin, whole
genome sequencing
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Transcriptional signatures in microbial diagnostics

Roby P. Bhattacharyya'? (rbhatt@broadinstitute.org), Jonathan Livny*, Robert Rudy?,
Milesh Patel', Deborah T. Hung™®*°

YInfectious Disease Initiative, Broad Institute of MIT and Harvard, Cambridge, MA, USA,
’Department of Medicine, Division of Infectious Disease, and *Department of Molecular Biology,
Massachusetts General Hospital, Boston, MA, USA; “Department of Medicine, Division of
Infectious Disease and Critical Care, Brigham and Women’s Hospital, Boston, MA, USA;
°*Department of Microbiology and Immunology, Harvard Medical School, Boston, MA, USA

Rapid antibiotic administration remains our most effective weapon against bacterial
pathogens, but recent emergence of antibiotic resistance in hospitals and the
community poses new challenges. Current methods of culture-based susceptibility
determination are too slow for early evidence-based selection of effective antibiotics in
seriously ill patients, or for routine use in outpatieint clinical settings. RNA detection has
the potential to identify antibiotic susceptibility more rapidly than current culture-based
diagnostic methods. RNA expression patterns change within 10 minutes in bacterial
pathogens upon exposure to antibiotics. Further, our lab has shown that susceptible
bacteria enact different transcriptional programs than resistant ones upon antibiotic
exposure, independent of the mechanism of resistance. This suggests the possibility of
an RNA-based phenotypic assay for antibiotic resistance that does not require prior
knowledge of the genetic basis for this resistance.

We report a transcriptomic analysis of numerous key drug-resistant pathogens (the
ESKAPE organisms and M. tuberculosis) against a variety of antibiotics using high-
throughput RNA-Seq. These studies reveal transcriptional signatures of antibiotic
susceptibility and allow us to identify the transcripts whose expression levels most
clearly distinguish susceptible from resistant organisms within minutes of drug
exposure. We validate these signatures using a rapid commercial RNA hybridization
assay (Nanostring), which allows us to discriminate between susceptible and resistant
clinical isolates within hours instead of days, as current methods require. This RNA-
based technique offers a novel approach to diagnosing antibiotic resistance that bridges
genotype and phenotype, with the potential for unprecedented speed that would
transform clinical infectious disease diagnostics.

Keywords: RNA-Seq, antibiotic resistance, molecular diagnostics
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Next generation sequencing (NGS) as an enhanced surveillance tool — the tale of
Salmonella enterica serovar Heidelberg outbreaks associated with chicken
co